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(57) Abstract: The present invention is a nano meter crystal metal material, in particular, to a nano bicrystals copper material 
with super high strength and conductivity, and to a method of preparing thereof. High purity polycrystal Cu material is prepared 
by employing electrolytic deposition method. The microstructure is consisted of grains, size of which are substantially in the 
order of isometric submicron 300-1000 nm. In the inside of the grains present high density structures of different oriented 
bicrystals layers, the same oriented bicrystals layers are parallel to each other, the thickness of the bicrystals layers is from 
several nano meter to 100 nm, and the length thereof is 100-500 run. Compared with the related art, the present invention is 
excellent in properties. When draw under ambient temperature, the material has a yield strength up to 900 MPa, and the break 
strength up to 1086 MPa. This super high strength can not be realized under many other methods by the same copper material. 
At the same time, the conductivity is excellent, and almost the same as the conductivity of the conventional coarse crystal copper 
material, and the resistance under ambient temperature is 1.75±0.02X10" 8 n-m, equal to 96%IACS. LSLI8 3C] 
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100 nm. 100-500 nm. tttttt*. fcttMHM* 

#^®IR@fi^900MPa, WRaWTO 1086 Mftw 

#^^j#wffiiHi^^^w^ ; N-^M^&w. Hat, ««*B*««a. a»» 

\J5M>.02*\V*nm, ffl^96%IACS. 



WO 2004/040042 ^^PCT/CN2003/000867 



m.iL-, 3700 &*mMi&mmxmKife&m^mffl&&mmm l &, Mwm&, 

nmmtim^m^j^^ *i, mn, vcjl, ®m, ^mummfe 
wrmi, a«'6AW*»»w**tt«, m&m&nmfa. mat, %j?mm 

S±7KM (iH Ali Fe, Ni, Sn, Cd, Zn, Ag, Sb^Q Wii]Sj^31^^^. 
^^^7n»e<JinA^^^fi<J#4tt^:ilSSTI^; 4>* Fe Ni Xt Cu 

fttt&Wti, XtftJft^ftWMS^MSRI; Cd, Zn, Sn, Pb«EiSfMlS*£*^ 

w«*v i^m^> ffiiBfg, mM^^isj^M, mmmk&/M*m. 

m*£kftttn&%&&m£kmm.j&,&mmmR-*& i~ioo mimmte m-m%. 
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^^to^, m^, m^Rit^m^^m^mmo 
^mmm^^^mm^mumm^m, *s&m%m Hau-Petch 

mt*mm®ft. cauBtt^e^ft) aftftAJiaa^ag+^^w 

Wd, #3lfiA#l««4EnTtt#MJiBJK»jK (a y ) tt*f 0.035 GPa, &£fcfc 

US 34^? J. R- Weertman ^A C£&K 1: Sanders, P.G., Eastman, J. A. & 
Weertman, J.R., Elastic and tensile behavior of nanocrystalline copper aad palladium, 
Acta Mater. 45, 4019-4025 (1997)) fflmffi&HWftM&ffl&ftiM>®.R-*ift%l 30nm 
»tt*ft#«*t». &^m&#&fr, ^JBJKaOT*365MPa. R. Suryanarayana tfc 
(3tfi)t2: Suryanarayana, R. etal., Mechanical properties of nanocrystalline copper 
produced by solution-phase synthesis, J. Mater. Res. 11, 439-448 (1996)) 

#4BWJBJR®l£&*400MPa, &W5r+#fliW5£#*«P^<h^ l~2%. HrtJ*S. 
/*^£A(^7r1I$it-t: 0UU026.7) mm^MUm&^mm$&ili$kmR-*% 30 nm 
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M&ffyjzM&fiffi^m ^MSflRSBSE* 119 MPa, 8tt*^30H. in*ftjfcffE 

tt*A4TO#ttttAftaft*ff&«ffi. p]** 425 MPa, fi3E#fl[TI*» ^ 1.4%. 
J. R. Weertman ^ A (^tS^3: Legros, M., Elliott, B.R., Rittner, M.N., Weertman, 
J.R&Hemker, K.J., Microsample tensile testing of nanocrystalline metals, Philos. Mag. 
,4.80, 1017-1026 (2000)) *Iffl*M^*A^«# (lmm) &#Bt&#7i5i* 535 
MPa . 5filJi*ffitt#4blH#tt#«#ft 4: Y.M. Wang, D. Pan, K. Lu, 

KJ. Hemker and E. Ma, Microsample tensile testing of nanocrystalline Cu, Scripta Mater., 
48,1581-1586 (2003)), ll~14um, 1.7mm, 

mffi% 0.5x0.015mm 2 ) tfy£M&fai&M*W . ^®fl&l&£ Rrii 760MPa, 'fiATOW 

(293K) %ia^i§j3i2.46xl0- 8 am (ft^ 68%IACS) [jtit5: R.K. Islamgaliev, K. 
Pekala, M. Pekala and R.Z. Valiev., Phys. Stat. Sol., (a) . 559-566, 162(1997).] 

STO, m&KBifyBBUkM*m%& 100 nm ^-fejg^ 100-500 nm; 

AW&TttM: 8.93±0.03 g/cm 3 , glLft* 99.997+0.02 at%, 

*#Ttt#a[3|s* 6xio- 3 / s , 3£mm&fe°s& 900+ioMPa, mw&b i3.5±o.5% ; m 

&WSfck&16LRr<jr% 300-1000 nm; (293K) BtftjifePI^ 1.75±0.02xl0" 8 a-m 

(i=B^^%-#^ g = 96% IACS ^4" IACS % International annealed copper standard £ft 

^) 0 imm&&m% 6.7^w ii k-k 
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*xim*r Ni-p **jsw«w««ffl*« 

*^X-g#it: 40~100A/cm 2 , 3ftffl*3t**%«i W*l*Kl«) 

5 * 0.01-0.05S, *fQltf R (toff) * l~3s, K*W*«E* 50-150 mm, RftRM« 
30-50: 1, «ff«l^ 15-30-C; 0.02 
~0.2ml/l 5~2SWlWtt*«bWWI» 0.2-1.0 mW 5~25%W*»*«l NaCl 

JL^fcMlOOnmW. ****** 100-500 nm, **«Wtt«atS*« 

★ftWW******^***!***' W^J900MPa, «KB«*^«* 

Jffcte, gffiT C293K) #iM"»T&96%ICAS. 
is 2. jgfttttta. *^*»W+^*»*^^Wtt*M**M-»l6*; 

20 aswin;w#»w^#^****** awwa ** M * 9 * ttW **** 
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H 4 **S«tt*^3l««»5ff*aail«**»W«M*ia (4K-296K) hs«. 

**wcRj?fffl*iwtK*i cuso 4 »»t. r^fU^^^a^M^ 
mn?m, m^mmmmTKM^mmm^^TK, *Mmmm%: ph=i„ 

2. %^X«#ife: JficWfe«ta?jK* 50 A/cm 2 , jftfl'jfrsSlfetts #MBt|l] (O 
& 0.02s, ^fflHtfcl (W 3>2s, PJ^PH»S§37 100 mm, PH«. R«M»tk* 50: 

bjjK: o.imLi(i5% mmt&w^mmh 

jSjg&NaCl: 0.6 ml/1 (15% $fc^£Kj NaCl zK^)» 
fji!)#ii}j&il#6£> AWtt*KK*«*M*«Cu»» (lnm=10- 9 m), 

%tt^SEA Cu#*sWE£$fi («* 0.22 r m , r m »##fi<j«^$a!£) ttJBIR3a&* 900 

±10MPa, (fe|fi2t&A 1.75±0.02xl0- 8 a-m 96% IACS)» 



ft&ftffimW&W, WM&i&*C*ft&$il!m.% 99.998 at%. Hfe*s&!jHfc3*/S 





tt*ft (%) 


7Glt 


m^m (%) 
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Sn 
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Sb 


0.00005 


Ag 


0.0002 


As 


0.0001 


Co 


0.00003 


Pb 


0.00005 


Zn 


0.00005 


Fe 


0.001 


Ni 


0.00005 
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m Archimedes *««#**** 8-93±0.03 g/cm 3 , Cu S** 

ft (8.96 g/cm 3 ) ft 99.7%. «^MItti«W# Ca*m*»T««ttSE 
ft* (300-1000 nm) *»A«rtEW*«tt3PW*«»**^««*' 
ffl^W^I^fflSW (■ l-K l-2> 1-3 M»>- »tf*ttMUUL+ 
5 ^*2J 100 nm WWW***»* 15 nm ' ****** 100-500 nm. # 

1-1 , 1-2. 1-3, B2-U 2-2 0T^)o 

aTW***-***tt. *Ttt«. B+nw»fflTa*«*mwtt#fttt. 

io ^RT^*tB, a*MMM* 6xio- 3 s 1 Rt. *IWBR****** Cu W«*»* 
o y =900±10MPa, B#** 13.5%. 14 **M*WWI*mW«W*«»M* 
Mfl»W (4K-296K) TTW*ltiJ^*^**«lttCu«*fl5l3S«%B* 
1.75±0.02xl0- 8 fi-m, JMHlfcftfrCu *m«jga*IB*fflM§. 
&Jfe0!l2 

15 l TFPfctifcfc^s 

mam cuso 4 *«, wwa^> a*** PH=0 - 5 ' ^ wfti h****** 

^ 99.99%«liMll*. H«**lBWrW* ffl*WOT*l**30:l. 
2>«ftJ: 5%»ftfi9*»*««E0.02iiiWp 5%»ftW*ttNaa*»«0inW; 
20 *»X*«fci WtW* 80A/cm 2 , ^aBtlHl (to„) 0.05s, ^fWffl (W 
*3s, l> PH««UE*50mm, 15°C; 

«ffS**ftW^WfllftW**^**W» «^««W**»*30nm, 
25 fl^tMttK*. ***** Co«Wto«ltt*KB** 810 MPa, HMfeffiL^ 
1.927±0.02xl0" 8 i2m. 
s£««3 

^mmm i TtmiLto&Tt 
3 o cuso 4 «, ftne*Mu»«^ PH=1 - 5j ^ m > w**«**^ 99 " % 
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2)»^J:25% mmmW&TkmmO.lS mLl,25%m^6<imNaCl7K^mi.0mLl; 
tyj?l£#Sfc: ft?**^*^ 40 A/cm 2 , #an*IS] (ton) ^ 0.01s, 3:£EB} |S] (W) % 
Is; PJ3> WWli^ 150mm, 

2.151±0. 2xl0 _8 a-m. 

fck«^ i 

<r u/J £ 200 MPa, J3JR33& 05- ^ 35 MPa, <?<S 60 %o >MUS«J#aifciSI4* 

#6^Mifaaiffi»ifflJll»S^9JWiii«a290MPaW250MPa, &B§#*gf* 8% 0 E 
jib, Jtmfia«il#*MI (5ETfeSa^c*jS*^5S) ^&P&JffiflB3&e*£&'hT250 

MPa. 

\mm 2 

HH^^ R. Suryanarayana *A*Iffl#l«^fe<feSpMS J&ftJ^# H# Cu 

*t«#Si wjamsajeRnuifca 400 MPa„ 

HH^^J.Weertman ^A^Jffllf (10- 5 ~10^Pa) H 

mnm&ft (ffi^am^ i~5 GPa), iwifra-WJiftK^ 22-110 nm mmitm* 

^WriitSRKRriftJi 415Mpa~480MPa, JBJRS&RTS&SI 300 Mpa~360 MPa» #p a n #J 
22 nm Rf, Jffifl«g&IlJ*li?rt£ (360 MPa) , H«^tJ"^«/Jn, JBflRSLSteRHK 
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150°Cinffi^M 1.4GPa), #J#tfi¥*&**StR^2dnm to@£tefi*J|# 

#fiW«S*Sife*ffi«I99%. **#<h«I#ft <#.&^H£S^ 3mm, 
«[#aW«l«ir«* 200x200nm) 4"*i#tttg^^HJ^# n n pAW^liSW®m3S^, 

nm 535 MPa. te&mf&*n&*nmto*&&mmmmttm%mw&®*^& 

bb«« 5 

=firjif^w> ^asajBJRaMc* 119 MPa, ®#**3o%. &m&ifcra^*«fi##3 

WJBJI*3fi£:*:*B2£Jl«. RT&425MPa, #5E#flETHHX* 1.4%. 

tt^9ri^#SC R.Z. Valiev (R.K. Islamgaliev, P. Pekala, M. Pekala and R. E. Valiev, 
Plys. Stat. Sol. (a) 162, 559(1997)) *J/BPMtt^fc&»Tffi^»to^4im#, 
KTftii^ * 210nm, ftflSfcfctttMSP, MSftTiM*. 

KWraisa^qrife 5ooMPa, s#*^sk, jaaw»SMTW*aifc*:. «w^ p 

= 2.24xlO- 8 Qm (ffiS^fc-W g = 70% IACS)„ 
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*g m s * a 



100-500 nm. 

inTttM: 8.93±0.03 g/cm 3 , m&%} 99.997±0.02 at%, £M*#Tfe#ay£ 

^ 6xl0- 3 /s, ^SlISagRTii 900±10MPa, JE#*3f 13.5+0.5%; (293K) W 

W*.P1¥^ 1.75±0.Q2xi<r 8 a-m, i&mmMM&Xl 6.78*cl0r n K _1 . 
. 3.J6J1M&RI** 1 JBMlWMk »W**tt«^*iMi*m. 

0f&3E»#fi*fcR7|-* 300~1000nmo 

EiS^WT^lfelCSRjft^liataiKW*. PH *63f 0.5-1.5, fflftftft 99.99%ltt*ffl 

%**l2#Sfe« H*}+%«t«Pft* 40-lOOA/cm 2 , 5fcffl&#3f5£*&; #ilHt_mCton) 
^ 0.01~O.05s, ^BJHtfS) (toff) ^7 l~3s, £|&PB&&fg3r 50~150mm, PB&6Bttft$l 
tfc*7 30-50: 1, 15~30"C; fctt^ffl 

«jfrj: 0.02~0.2ml/l 5-25%^ tfjHJJ&zK^ifc 0.2-1.0 ml/1 5~25%$fc!t«l 
^NaCl 7K»«. 
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= (SHENYANG PATENT & TRADEMARK AGENCY 



ACADEMIA SINICA); tBil'f^ttWmfnTKH 
if 8l24-§-, Liaoning 110004 (CN). 

(81) JS^B(BSf): AE, AG, AL, AM, AT, AU, AZ, BA, 
BB, BG, BR, BY, BZ, CA, CH, CO, CR, CU, CZ, DE, 
DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, 
PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ UA, UG, US, UZ, VC, VN, YU, ZA, 
ZM, ZW 

(84) JS^B(ifeE): ARIPO^*l(GH, GM, KE, LS, MW, 
MZ, SD, SL, SZ, TZ UG, ZM, ZW), &ffi^=PJ(AM, 
AZ BY, KG, KZ, MD, RU, TJ, TM), ttiH|^f!l(AT, 
BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, 
GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, 
TR), OAPI^fd(BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG) 

*BI5*&*J: 

— -SfSB!5*&*tlHr. 



PCT^UftfJfe««"^^2LH»^#-?-«*« ( !S''. 



(54) Title: A NANO ICRYSTALS COPPER MATERIAL WITH SUPER HIGH STRENGTH AND CONDUCTIVITY 
AND METHOD OF PREPARING THEREOF 



o 



(57) Abstract: The present invention is a nano meter crystal metal material, in particular, to a nano bicrystals copper material 
with super high strength and conductivity, and to a method of preparing thereof. High purity polycrystal Cu material is prepared 
by employing electrolytic deposition method. The microstructure is consisted of grains, size of which are substantially in the 
order of isometric submicron 300-1000 nm. In the inside of the grains present high density structures of different oriented 
bicrystals layers, the same oriented bicrystals layers are parallel to each other, the thickness of the bicrystals layers is from 
several nano meter to 100 nm, and the length thereof is 100-500 nm. Compared with the related art, the present invention is 
excellent in properties. When draw under ambient temperature, the material has a yield strength up to 900 MPa, and the break 
strength up to 1086 MPa. This super high strength can not be realized under many other methods by the same copper material. 
At the same time, the conductivity is excellent, and almost the same as the conductivity of the conventional coarse crystal copper 
material/a nd the instance under ambient temp er a t ure is 1.75^0.02X10'^-^, equal (0 96%IACS. [DOff H 3 
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(57) 

sttiis^ttWJEm* 300-1000 nm 

100 nm, 100-500 nm. *S«i^aW8*ffllt, tti&ttllo i£#tt£HA& 

#HtJBJKaLKRTife 900MPa, B??^3SjgpT3i 1086 MPa, 

1 .75±0.02* 10" 8 Qm, ffi 96%IACS. 
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mz,-, 3700 ^^m^mmmtmm^mmm^m^mm^m, mmm&, 
mR^±m^mmrm±mumo mR^±m^mn^M^, n^viw, & 

j:mm&J?&£.j £ *M&®>? zl &, *x, ii, 4hx, i£flS#]#i»Ji£ 

*tx*m a^'SAW#^w#%efg, <b^?ss#^k 0 sjik, 

^&7nM (I® Al, Fe, Ni, Sn, Cd, Zn, Ag, Sb^) Wiiift J£5S;gfn^e 
^^-^Tnm^iBA^^^^W^fett^ipIjgTI^; i!>* Fe fP Ni Cu 

h»i$wi^, mm^mm.^ix^m; cd, zn, sn, Pb^^i**^^ 

m$km> mRmm> mm^ mmit^^m, mm^^JAmm^ wa^^n^ 
3oiNik«t ^mmm^L (.ta^-m^mmmmm^Rm^mmmm^ wjik <$n 

^*FHftmi&m&&mmmj&,^mmR^& i~ioo^^Hrt^-^ 



i 
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#^Pi^l^,^T$L^^it^*^ft0*4W3SJg, pT*^^W Hall-Petch 

m^mmwm^m^m (ss&w) fern* ^mm^-mmmmti^mm^m 

&mmm&ik* rfn^WHral** (f£M1«7£y£) ^fe^m^^ai^^^^w 

H^> £M.£Jil-*i^f ) *POT^I§Wa5^o ^^PS^PW^512&^ 

#>Jft), #afi*##6«^MTli#W®JRaft (a y ) 0.035 GPa, 3»fcfc 

Ji:r&, Hfflf4^^ J. R. Weertman ^A CXM Is Sanders, 'P.G., Eastman, J.A. & 
Weertman, J.R., Elastic and tensile behavior of nanocrystalline copper and palladium, 
Acta Mater. 45, 4019-4025 (1997)) jpjfflflt ^.HW^WkU^^R^^ 30nm 
W^*ffi^*t3N-, &£fi4fc#Bt, ^JSM5SS PTii 365 MPa» R. Suryanarayana g[ 
iJS^f (Zfc&K 2: Suryanarayana, R. et al., Mechanical properties of nanocrystalline copper 
produced by solution-phase synthesis, J. Mater. Res. 1 1 , 439-448 (1996)) ^ljffl$clfv£ 
Hftfrtt£A*tf!tt, S^^m^^jE^MHijg, #SJ B 1.^X^^26nm^ 
#«ttJfflJR!RK«I* 400 MPa, ^M## B a p WM#^fP^m^^J l~2%o BBrt^S. 
^ftT^AC^*l*ilHr: 01114026.7) ^Jffl%»m^S^lll#^!l^-l±l B B H ^RM-^ 30 nm 
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^tfyjzM&mfffTfm &Mm.mm&m%i 119 Mp a , m#¥#3o%. tu&m&m 

T&ftmmin, RW&+®.&®mmna, mn^mm^iR^yfmmm^m^m 
mx&i*mtt&ttmmmm*.ii&8H&n, Rra425Mp a , mmtomr&, ft* 1.4%. 

5 J. R Weertman ^ A (^t^3: Legros, M., Elliott, B.R, Rittner, M.N., Weertman, 
J.R. & Hemker, K.J., Microsample tensile testing of nanocrystalline metals, Philos. Mag. 
A. 80, 1017-1026 (2000)) mm'&W.*&*$kWm\£M <lmm> fe#W^#7«i£535 
MPa A<JJgflR5£&. mm^mm*ikffl&m*mn& CXm 4: Y.M. Wang, D. Pan, K. Lu, 
K.J. Hemker and E. Ma., Microsample tensile testing of nanocrystalline Cu, Scripta Mater., 
10 48,1581-1586 (2003)), '$L'bW& (#n a pJ¥>g^ ll~14um, 1.7mm, 

WM% 0.5x0.015mm 2 ) ^]^fe#^^BJ, Mlg^jgom 760MPa, -fS/W&W 

$k%ZR^%S% 109nm W^MM^JE^^MBJ^^JigSS^^^ 400MPa, jfn^ffi 
15 (293K) %PWi^ii2.46xl0- 8 n-m ({51^ 68%IACS) [^5: R.K. Islamgaliev, K. 
Pekala, M. Pekala and R.Z. Valiev., Phys. Stat. Sol., (a) . 559-566, 162(1997).] 

20 $£. 

STO, ^S>tMW#S^^^PJ lOOnm^, 100-500 nm; 

25 ^^h, A^^PTttM: ^S^; 8.93±0.03 g/cm 3 , i^S^; 99.997±0.02at%, 

*#T&#a*A 6xl0- 3 /s, ^^Ig!SjgpTii 900+lOMPa, 13.5±0.5%; Bf 

^iWitRTf^ 300-1000 mn; (293K) H*ft|t&|fi^3l 1.75±0.02xl0- 8 n-m 

(+i^^%#^ g =*96% IACS IACS % International annealed copper standard *f 
Wo fcPmK^ifc^eJSxlO^K- 1 . 

30 ®raM«^*e^^ H e H ^M*4«]flJ^V*: 



3 



WO 2004/040042 



'CT/CN2003/000867 



n=f-^M7Kmnm.&mM^, ph 0.5-1.5, mmmm 99.99%^^^, mm. 

^lilfW Ni-P ^IIWtfeMit; 

%i?i-s#m : mn^Mmst^ 4o~iooA/cm 2 , ^kmBWjj^^; ^mmm^ 

^0.01~0.05s, ^^Btrsj CW) 3M~3s, TOTOM;*/ 50-150 mm, ITOPJM^ 
30-50: 1, f§MmUm% 15~30'C; %0$E5Rffl «^J: 0.02 
~0.2ml/l 5~25%#c J gp-<J BJ3 J&7jc?#y&£: 0.2-1 .0 ml/1 5-25%$^ NaCl 

Jl^tbKm 100 nm^, ^m%^% 100-500 nm, 

«HJ^4^#^riSl6<J^^Ig31^, Wi£gJ 900 MPa, ^^B^ift^ffi^ 

(293K) #%#PT3i96%ICAS. 

2. ^jem®. &T*%m*&wmm^^n^Mmxmmm&xmmw, 

3. %\&7?teffi&o ^mmm^mmmmm^, p.m&mji-z&Wr, 
mum. 

mmuw 

m i-i ^^hj*js?^^^^^#^^p1jtem^hjm^. 

m 1-2 **^^*»^^^i^^swTEMM>i-fi«isaRTfw^Th^ 

® 2 -1 ^^BJ %#?^^ B W^#*4^ H 1> «J HRTEM MJt 

ffl 2-2 HRTEM B&#WifeTffilt?£#, 
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S 4 ^«BJIfl^ra^^M*i B B H^^*46tl^M%Pl (4K-296K) fcfrg 0 

l 

m-s-s, re^^fflTKjse**^*^*, ^iwjaafeK*: ph=i, 

m, PB^^ffi^ 99.99%W^tR, PJ§®3>3IM^W Ni-P «M 

2. %»X2#ifc: tti+fc«*&3r 50 A/cm 2 , JftJ+^tfefc, ^fflfftll] (0 
% 0.02s, 3:fflH*pt] (W) 2s, mmmWme.^ lOOmm, PB«, K«ffi^fck^j50: 
1; tfej&m^20°C, %ft?«ffl%M#^o 

ttl?FJ: BJIS: 0.1 ml/1 (15% $fcgfftBJJBbJt^); 

NaCl : 0.6 ml/1 ( 1 5% Jfcfi tfj NaCl ) . 

$y^-iis^is^s> ^mmKmm^m^caum anm=io- 9 m), 

^^ H i cu***wem 0.22 T m , T m %unm»&m&) mmamm^ 900 

±10MPa, *,P£^^f l.TSiO^xlO^a-m (*@^T96%IACS)c ■ 
• ik^ttffi^mW, ^^^Cu#B a pfi<]^S^99.998 v at%o 



7GjR 


(%) 


7UM 


iS^m (%) 


Bi 


<0.00003 


Sn 


<0.0001 


Sb 


0.00005 


Ag 


- 0.0002 


As 


0.0001 


.Co 


0.00003 


Pb 


0.00005 


Zn 


0.00005 


Fe 


0.001 


Ni 


0.00005 
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m Archimedes Jg«3»S;#i&£f&3; 8.93±0.03 g/cm 3 , fflS^ J|#g»ft Cu 31i&^ 
S (8.96 g/cm 3 ) 6<J99.7%. M^ttmM3immmX&ft CuMm&i6LT^®i&)W. 

« (3oo~iooo nm) ^n^^^n^&^mm^^m^, 
fornix m^mm^if m i-u 1-2, 1-3^). mm^m^m&hKji^ 

gfi#PJlO0nm^, spmmMiXmmmmZj 15 nm, ^-feS^* 100-500 nm. # 
1-K 1-2. 1-3, S2-K 2-2#T^c). 

^^m^tts, 6xio- 3 s- 1 Bt, *^ra^ H e B » H B H ^ cu ittrasss 

a y =900+10MPa, 13.5%. ffl 4 ^^Hj^^BH^M^WatlHl^^ 

6*s%&& (4K-296K) ifctt. ^\&m&^m*m£km&Mcuitfn&}^Mi&m.m 

1.75±0.02xl0- 8 fi-m, ^^MMLehW Cu #*46tl^%PWffi^o 
2 

1) 5pjffl%j»m^fe**!i#»>i^*ffif* cu «f4: ^mmm^^mmnm 
^99.99%^^^, m®t%mmm^'Hi-p#£kmm&fa, mmmwmm\ttk 30:i. 

2) »3f!j: 5 %«EfiW!8JK!*^ 0.02 ml/1, 5%$ftg Wffigfc NaCl tK«F«T 0.2ml/l; 

ttJt^acapft* 80A/cm 2 , #3lHt|l] (to„) ^7 0.05s, ^»Bt)Xl (toff) 
3>3s ; PH&BUgft 50mm, 15°C; 

gP#^^^|WJ^|R]^ B B H ^M^, ^H B H ^MWTO^^30nm, #B a o4 3 
Wfi««M4R/h. ^^ H B H #Cu^$4^^^OT^^810MPa, 
j*j 1.927±0.02xlO- 8 Q-m.. 
5£«J 3 

%^M^J 1 ^Fm^sT : 

i) mm*Mt^&*m&m)nV&i*&ft c u *m, 
cuso 4 mm, i)nmm^mmm7K, wu$t%m=is; m> mm-, mm^m&m^ 99.99% 
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2 = 25% &gftl8fl£zK$g$£(>.15 ml/l,25%^jgWft^NaCl7jC^1.0mM; 

m*%M®Bt% 40A/cm 2 , #afiHt(§] (to„) ^ 0.01s, ^fBRtlS] (t^) ^ 
Is,- BJ§, PH^M^J 150mm, ifeM^ 25°C ; 

2,151±0. 2xlO- 8 Q mo 

imm i 

S o;,* < 200 MPa, EJR55JS 05, < 35 MPa, 3£#*£ 60 %. mifeM^Mmghfc 

*&m&iWM&&%imm3&fe%'%} wmnm 290MPa *q 250MPa, ^mwm^ 8%, m 
sit, M^mm^^m <*T&*ii*&a*#fLiS) #&wimwfflst®&* : ? 250 

MPa 0 

fcfctfcfcl 2 

HK4#^ R. Suryanarayana#A^Jffltn.M^-^fe*$!J#W^^ H B H # Cu^tR, 
^m^JSinffi^M, m^#6tJlft^ B B H # Cu #p°n ( H e 0 *4X^26 nm)o 
5ST«#i& KUffiKSafiRTKiiSfl 400 MPa„ 

bfcgt#!l 3 

HH^^J.Weertman ^AfJffllf (lO^-lO^Pa) H 
Mffife* (ffi^jil^ 1-5 GPa), ffl&&¥-i%M l mR^& 22-110 nm fl<j|l#£ft#' 

^^5I^nTSii 415Mpa -480 MPa, mm^^S&i 300 Mpa-360 MPa» # B a nltt 

22 nm Rt, JSJK3&£x£?!J*SHt (360 MPa) , mm&&&fW6i 
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150"CiqJE^M (Jl^ffl^^ 1.4GPa), fij^iij 26nm fi<li#i* B B B ft 

w&W)%m%mTkmmt] 99%. &im'bmw& m&^&mizi 3mm, 

ft#^TOIK®*R;*J 200x200^111) 4 3 fe#tt^^m^HJi^#D a a ; i:^ffi^JlJ3g3S^ > 

535 MPa. ^m^^m-^nm^ti^n.^wM^m^mn^^^ 



bb^-^U 5 

w^in) jc^um®^ H9 MPa, ii#^30% o im^mmjmfe^ihwm 
mmmzm^mum, Rr&425MPa, mmwrny^^ 1.4%. 

ffi&W&^M* R.Z. Valiev (R.K. Islamgaliev, P. Pekala, M. Pekala and R. E. Valiev, 
Plys. Stat. Sol. (a) 162, 559(1997)) ^ffl^ilWWTlTO^^lMi, 

^±1)01^^-^2101^1, n&mm'&m.ft, "£^Tfe#, ^m. 

= 2.24x 10" 8 Qm ( *@ S T g = 70% IACS ) „ 



s 
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& ffl B * jg 



raW^ffi^Jl^fUffiSTfi 1 . ^B H H>i-MWJ?^M/L-t^^i!j 100 nm, 
100-500 nmo 

$DTtt|: 8.93+0.03 g/cm 3 , ^jg^j 99.997+0.02 at%, SSfi*#Tfe#il¥ 

3> 6xl0" 3 /s, $tM5&gpJj£ 900±10MPa, J£W&% 13.5±0.5%; (293K) H* 

m&mm%} 1.75±0.02xl0- 8 n-m, f&mU&J&%C%} 6.7S*Ur ll K: 1 . 

Bf^M^^al^Rrt'^) 300~1000nmo 

Eflf^lKKT^TlCBRjftlfllAfil^tB*, PH it^7 0.5-1.5, mmmm 99.99%#j26#g 

BBlK^MSJtfr Ni-p 3£HjgttftftJ$ffl53HHtt; 

Mc}****** 40-100A/cm 2 , IfJt^^lf; ^ffiBtlHICton) 
^/ 0.01-0.05s, ^fflBtfH] (toff) l~3s, PJ^Pa^^SM^ 50~150mm, PHSPfiiffilR 
fcb^J 30-50: 1, mmmU&% 15~30°C ; felW^afcttSH*^; 

raftj: 0.02-0.2mLl 5~25%*&a#J 9iJR*«*& 0.2-1.0 ml/1 5~25%$fog|tt 
ift £B NaCl TKiSiK. 
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